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C1 channels in basolateral renal medullary vesicles X. Cloning of a
Cl channel from rabbit outer medulla. These experiments were intended
to identify candidate cDNAs which might encode basolateral membrane
CL channels of the mTAL using a homology-based cloning strategy. We
prepared a eDNA library using a 1.8 to 3.2 kb mRNA fraction from rabbit
outer medulla that induces a Cl - conductance in cellular membranes of
Xenopus laevis oocytes. The eDNA library was screened with two 32P-
oligonucleotide probes corresponding to highly conserved sequences in
other CL channels. We isolated two cDNAs: rbClC-Ka and rbClC-Kh. The
protein sequences deduced from these two cDNAs had 99% homology.
Using RT-PCR technology, cultured mouse mTAL cells were found to
contain mRNA corresponding to these two cDNAs. Expression of the
mRNAs corresponding to these two cDNAs was kidney-specific and was
greater in rabbit renal medulla than rabbit renal cortex. Finally, by using
RT-PCR technology in combination with microdissected glomcruli or
tubule segments, we found mRNA for rbClC-Ka in glomeruli, proximal
convoluted tubules, mTAL and cortical collecting tubules.
This paper describes the isolation and characterization of two
highly homologous cDNAs coding for CL channels derived from
rabbit outer medulla. A number of CI channels, generally
referred to as C1C channels [1—18j, have been cloned successfully.
Some of these CIC channels occur within renal epithelia, includ-
ing the thin and thick ascending limbs of Henle [6, 9, 12, 15, 18].
We wished to identify candidate cDNAs which might encode
mTAL Cl channels. In earlier studies [19], we found that injection
of a 1.8 to 3.2 kb mRNA fraction from rabbit outer medulla into
Xenopus laevis oocytes induced expression of a CL conductance
in the cellular membranes of these oocytes. In the present studies,
we utilized this mRNA fraction to prepare a eDNA library which
was screened using a homology-based cloning strategy with oligo-
nucleotides corresponding to conserved sequences in other C1
channels.
We identified two cDNAs, designated rbClC-Ka and rbClC-Kb.
The protein sequences deduced from these two cDNAs had 99%
homology, and shared about 85% homology with other kidney-
specific CIC channels [6, 9, 12, 15, 18]. Expression of mRNA
specific for these two channels was kidney-specific and was
considerably greater in rabbit renal medulla than in rabbit renal
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cortex. Using RT-PCR on microdissected glomeruli and tubule
segments, we found that mRNA from rbClC-Ka was present in
glomeruli, proximal convoluted tubules, cortical collecting tubules
and mTAL segments. This tissue distribution of mRNA from
rbClC-Ka is quite comparable to that of mRNA from (rat)
rCIC-K2 [9, 12]. Thus rbClC-Ka may be the rabbit analogue to
rCIC-K2. Finally, we detected expression of these cDNAs using
RT-PCR in cultured mouse mTAL cells. Preliminary reports of
these findings have appeared elsewhere in abstract form [20—22].
Methods
Construction of a eDNA library
A 1.8 to 3.2 kb fraction of mRNA was isolated from the inner
stripe of outer medulla as described previously [19]. This fraction,
which induces a CL conductance in cell membranes of Xenopus
oocytes [9I, was used to prepare a cDNA library in the plasmid
vector pSPORT I (GIBCO BRL, Gaithersburg, MD, USA). An
oligonucleotide containing 15 dT residues and a Not I restriction
site was used as a primer for reverse transcription with cloned
Moloney murine leukemia virus reverse transcriptase (GIBCO
BRL). Subsequently, adapters containing preformed extensions
corresponding to the termini produced by the restriction enzyme
Sal I were ligated. Digestion with Not I resulted in cDNA with
asymmetrical ends, thus allowing for the construction of a direc-
tional library. The cDNA was size-fractionated on a Sephacryl
S-500 HR column, and only cDNA strands having more than 1000
base pairs were used for ligation with vector. Starting with 2 .rg of
mRNA, 0.4 .rg of first strand eDNA and I rg of second strand
eDNA were obtained. Approximately 20 ng of size-selected
eDNA was used for ligation with pSPORT 1 plasmid cut with Not
I and Sal I, and the recombinant plasmids were introduced into E.
coli DH1OB by electroporation. The library contained 1.4 X 106
independent transformants with inserts distributed between I and
4 kb.
Screening
Plasmids from pools of 700 independent clones each were
prepared [23] and analyzed by dot blot hybridization with two
oligonucleotide probes, termed oligo-1 and oligo-2. As illustrated
in Figure 1, these probes correspond to highly conserved regions
in three different CL channels having known sequences: CIC-0
from Toipedo [1], CIC-1 from skeletal muscle [2] and CIC-2 from
various tissues, including epithelia [4]. Oligo-1 and oligo-2 were
designed using organism-specific codon usage tables available
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oligo 1: CIC-O
dc_i
CIC-2
sense 5' —.GTT
G
C
SPQ?VGSGIPEKTI 131
SPQNVGSGIPEKTI 197
APQ?4VGSGIPE4KTI 1764
GGC TCT GGC ATC CCC GA-3'
G C A T
G
PLAGIVLFSIEVTSHF 232
PLGGIVLFSIEVTTYF 297
PIGGIVLFSIEVTTFF 2764
from Wisconsin Sequence Analysis Package (Genetics Computer
Group, Madison, WI, USA).
For dot blot hybridization, plasmids were bound to nitrocellu-
lose membranes, denatured with a solution containing 0.5 M
NaOH, 1.5 M NaC1, and neutralized with I M Tris-Cl, pH 7.5, 1.5 M
NaC1. The membranes were then rinsed in twice-concentrated
SSC (SSC = 15 m Na citrate, 150 mivi NaC1) and baked in vacuo
at 80°C for two hours. Prehybridization was carried out for five
hours at 37°C in triple-concentrated SSC, fivefold concentrated
Denhardt's solution [24], 5 mi EDTA, 10 m Na Pipes pH 6.5,
200 j.g/ml freshly denatured sheared salmon sperm DNA, and 100
Lg/ml heparin. Hybridization with 32P end-labeled oligo-1 and
oligo-2 was done in the same solution at 37°C for 20 hours.
Membranes were washed three times for 10 minutes in 0.1 X SSC
at 42°C. Bacteria from positive pools were plated at low density
and the colonies were transferred to nitrocellulose filters and
re-screened to isolate individual positive clones.
DNA sequencing
Restriction mapping of cDNA inserts indicated the presence of
BamHI and Kpnl sites. These sites, together with appropriate sites
in the multiple cloning region of plasmid pS PORT 1, were used to
construct truncated clones for sequencing. To sequence the
remaining parts of cDNA, transposon TN 1000 [25] was intro-
duced into the inserts using a reaction kit supplied by Gold
Biotechnology, Inc. The location of the transposon within the
cDNA was determined by restriction digestion with enzymes
cleaving within the transposon, and by PCR using primers corre-
sponding to transposon sequences together with universal primers
complementary to sequences in the plasmids. Sequencing was
performed by the dideoxy chain termination method using T7
DNA polymerase (USB T7 Sequenase version 2.0 kit) or
DyeDeoxy Terminator Cycle Sequencing kit (Applied Biosys-
tems) for the Applied Biosystem 373 automated sequencer.
RT-PCR experiments
RT-PCR experiments were carried out on cultured mouse
mTAL cells and on microdissected glomeruli or tubule segments
from rabbit kidney. The positions of the primers are indicated by
the double solid lines in Figure 2 and are discussed in detail below.
The sense and antisense primers are denoted by the prefixes 5-
and AS-, respectively.
RT-PCR of RNA from microdissected rabbit glomeruli and tubule
segments. Tissue slices from rabbit kidney were placed in cold
phosphate buffered saline and glomeruli and tubule segments
were dissected freehand without enzymatic digestion of the
tissues. Four to six glomeruli or tubule segments were combined
for preparation of total RNA using a single step method (Tn-
Reagent, Molecular Research Center, Inc., Cincinnati, OH,
USA). RT-PCR was performed using GeneAmp RT-PCR re-
agents (Perkin Elmer Cetus, Norwalk, CT, USA) and oligo-dT as
the primer for reverse transcription. Aliquots of the resulting
eDNA were then amplified using primers S-i and AS-i (Fig. 2).
As a positive control, we amplified aliquots of cDNA with primers
corresponding to the sequence of J3-actin (sense: 5'-CTCCTAG-
CACCATGAAGATC-3'; antisense: 5 '-AAACGCAGCTCAG-
TAACAG-3').
Samples were heated for two minutes at 95°C. The thermal
cycling protocol consisted of 35 cycles of: 95°C for one minute,
60°C for one minute, and then 60°C for seven minutes. Reampli-
fication was done in a mixture containing 10 mM Tris-HC1, pH
8.35, 50 mivt KCI, 1.5 mvi MgCI2, 10% DMSO, 0.05% NP-40,
0.05% Tween 20, 200 jiM dNTPs, 0.01 mg/mI of primers and I unit
of Taq polymerase. Samples were heated for two minutes at 95°C
and 30 cycles of 93°C for 10 seconds, 55°C for 30 seconds and 72°C
for 10 minutes, followed by 72°C for 10 minutes. Reamplification
was carried out using primers S-i and AS-2 or primers S-2 and
AS-i. The reaction products were separated on a 3% agarose gel
and stained with ethidium bromide.
oligo 2: CIC-O
dc-i
CIC-2
antisense 3' -CAG GAC AAG TCG TAA CTC CAG TG- 5'
C G A A G C
Fig. 1. Oligonucleotides used for screening the
cDNA libraiy. The degenerate oligonucleotides
oligo-1 and oligo-2 were designed using the
conserved sequences in C1C-0 (1), CIC-1 (2)
and C1C-2 (4) indicated by the boxes. The
numbers indicate the positions in the protein
sequences of CIC-0, CIC-1 and CIC-2,
respectively.
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Fig. 2. The nucleotide sequences of rbClC-Ka
and rbClC-Kb. In the rbClC-Kb sequence, only
nucleotides which differed from those in rhClC-
Ka are shown. The sequences of the open
reading frames are shown in capital letters. The
oligonucleotide sequences underlined by double
lines indicate the primers used for the RT-PCR
experiments shown in Figures 7 and 8. The
GenBank accession numbers for rhClC-Ka and
rhCIC-Kb are U36789 and U36790, respectively.
START
99 bp
rbClc-Ka J I III
rbClc-Kb A
52bp
100 bp
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STOP
2159 bp
V
A
2085 bp
Fig. 3. Schematic illustrations of the nucleotide sequences of rbClC-Ka and
rhClC-Kb. The vertical bars indicate nucleotide differences in the two
sequences. The numbers indicate nucleotide position at the beginning and
the end of the open reading frames.
RT-PCR of mRNA from cultured mTAL cells. Cultured mouse
mTAL cells [261 were used as a source of poiy A RNA. Reverse
transcription of RNA to eDNA was done using Moloney murine
leukemia virus reverse transcriptase and the specific antisense
primer AS-3 (Fig. 2). Synthesized eDNA was amplified by PCR
after addition of the sense primer S-3 (Fig. 2) using the following
thermal cycling program: 93°C for 10 seconds, 55°C for 30
seconds, 72°C for two minutes, and 30 cycles.
The product of the PCR reaction was rearnplified with the
internal oligonucleotide primers S-4 and AS-4 (Fig. 2). As a
control for possible DNA contamination of poly A RNA, reverse
transciptase was omitted before the first round of amplification.
The products of both amplification and reamplification reactions
were separated on 1% agarose gels, transferred to nitrocellulose
and hybridized with 32P-labeled rbClC-Ka.
Northern analysis
For Northern blot analysis, total RNA was prepared from
various rabbit tissues using Tn-Reagent and separated by electro-
phoresis on a formaldehyde containing 1% agarose gel. RNA was
transferred to a nylon membrane by capillary transfer and then
fixed to the membrane by UV irradiation. The membrane was
then hybridized to a 32P-labeled rbClC-Ka probe at 68°C in
Express Hyb hybridization solution (Clontech). The membrane
was washed at high stringency and then subjected to autoradiog-
raphy.
Results
eDNA isolation
Approximately 40,000 independent clones from a eDNA library
from rabbit kidney outer medulla were grown in 57 pools of
approximately 700 recombinant clones each, and plasmids were
prepared from each pool. Two of these pools of plasmids hybrid-
ized with oligonucleotides oligo-1 and oligo-2, which corresponded
to the conserved sequences of the Cl channels indicated in
Figure 1. Bacteria from positive pools were plated. After two
rounds of screening by colony hybridization, two independent
cDNAs, designated as rbClC-Ka and rbClC-Kh, were isolated. A
third clone reported previously [201 was found to be a defective
splice product of rbClC-Ka and is not considered further in this
paper.
The sequences of rbClC-Ka and rbClC-Kb are presented in full
in Figure 2 and in schematic form in Figure 3. The data shown in
Figure 2 indicate that rbClC-Ka and rbClC-Kb were full-length
cDNAs with uninterrupted open reading frames of 2061 and 2034
nucleotides, respectively. The nucleotide sequences of rbClC-Ka
and rbClC-Kb differed in six positions within the open reading
frames (Figs. 2 and 3). In addition, the homology between
rbClC-Ka and rbClC-Kb ends beginning at position 44 upstream to
the stop codon of rbClC-Ka, and the 3'-untranslated regions of
rbClC-Ka and rbClC-Kb differ entirely.
Deduced amino acid sequence encoded by rbClC-Ka and/or
rbClC-Kb
Figure 4 shows the deduced amino acid sequence for the
protein encoded by rbClC-Ka; we term this protein rbClC-Ka.
Figure 4 also shows the alignment between rbClC-Ka and the
predicted amino acid sequences for other renal CIC channels (see
Discussion). The solid line above amino acids 119 to 125 indicates
the amino acid sequence in rbClC-Ka corresponding to the oligo-]
primer shown in Figure 1. The dashed line above amino acids 220
to 227 indicates the amino acid sequence in rbClC-Ka correspond-
ing to the oligo-2 primer shown in Figure 1.
rbClC-Ka has a deduced sequence of 687 amino acids with a
predicted mass of 75,201 daltons. As noted in connection with
Figure 2, the nucleotide sequences within the open reading frames
of rbClC-Ka and rbClC-Kb differed in six positions. However, only
two of these differences resulted in amino acid substitutions.
Specifically, glycine-23 and glycine-666 in rbClC-Ka are replaced
by serine and valine, respectively, in rbClC-Kb. Because the 3'
ends of rbClC-Ka and rbClC-Kb differ, the last few amino acids of
the two proteins differ, and the expected sequence encoded by
rbClC-Kb is nine amino acids shorter than that of rbClC-Ka (Figs.
2,4). It is therefore likely, given the overall similarity in the open
reading frames of these two cDNAs, that rbClC-Ka and rbClC-Kb
represent allelic variants of the same gene.
Membrane orientation
Figure 5 presents a hydropathy plot [27] of the protein se-
quence deduced for rbClC-Ka (Fig. 4). Figure 5 indicates a
generally high degree of hydrophobicity, with apolar residues
tending to cluster in well-delineated segments of a length consis-
tent with membrane-spanning regions. Several algorithms for
predicting membrane-spanning fragments [28—301 were applied
to the protein sequence of rbClC-Ka. Although the results varied
slightly depending on the algorithm used, a reasonable consensus
of 10 transmembranous segments (Fig. 5) was derived from these
algorithms.
Positively charged amino acids constituted 10.2% of all residues
in rbClC-Ka, while negatively charged amino acids comprised
7.0% of all residues. The positively charged residues of rbClC-Ka
were clustered vicinal to putative transmembrane domains, par-
ticularly the segments between ml and m2, m2 and m3, and m5
and m6. The N-terminal portion of the molecule also carried a net
positive charge, having nine arginine and lysine residues with
respect to seven aspartic acid and glutamic acid residues. Like-
wise, the C-terminal end contained 17 positively charged residues
with respect to 15 negatively charged residues. Thus, rbClC-Ka is
a basic protein with a calculated p1 of 8.6.
Tissue localization
Northern blot analysis of total RNA from various rabbit tissues
(Fig. 6) using a 32P-labeled rbClC-Ka probe indicated that the
mRNAs for these channels were expressed exclusively in the
kidney. The data presented in Figure 6 also indicate that these
mRNAs were expressed considerably more in renal medulla than
in renal cortex.
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Fig. 5. A hydropathy plot of rbC1C-Ka using the method of Kyte and Doolittle [27]. The terms rn-i, m-2, etc. indicate the 10 putative membrane-spanning
domains.
s,1 roughly the same amount of 13-actin product was obtained fromeach set of tubules. Finally, for added specificity, the products inlanes A-i to A-4 were reamplified with two additional sets of
rbClC-Ka primers, S-2 and AS-i for lanes B-i to B-4 and S-i and
AS-2 for lanes C-i to C-4 (Fig. 7). The results in Figure 7 show
that, in each case, we obtained eDNA fragments of the expected
size.
Detection of rbClC-Ka and/or rbClC-Kb in cultured mouse mTAL
cells
As noted in Methods, Figure 2 shows the positions and
28S rRNA sequences of the oligonucleotide primers for the RT-PCR data to
be presented in Figure 8. The results presented in Figure 8 show
1 8S rRNA that, by using RT-PCR with primers S-3 and AS-3 with poly ARNA from cultured mTAL cells, we obtained a cDNA fragment
of the expected size, 1114 nucleotides. This fragment was absent
when reverse transcriptase was omitted prior to first round
amplification. Likewise, with the two internal primers S-4 and
AS-4 (Fig. 2), we obtained a cDNA fragment of the expected
length, 371 nucleotides. And as with first round amplification, the
371 nucleotide cDNA fragment obtained with second round
amplification was not detected when reverse transcriptase was
omitted before the first amplification step. This absence of a
eDNA fragment when reverse transcriptase was omitted prior to
the first amplification step makes it unlikely that the amplification
shown in Figure 8 was due to a DNA contaminant in the poly A
RNA preparation. Thus these cultured mTAL cells (Fig. 8) also
expressed mRNA from rhClC-Ka, as did the intact mTAL seg-
ments (Fig. 7).
Discussion
The experiments reported in this paper were designed to
identify cDNA clones which might encode mTAL Cl channels.
Fig. 6. Northern blot analysis of rbClC-Ka distribution. Ten micrograms of
total RNA from the various rabbit tissues were separated by electrophore-
sis through a 1% agarose-formaldehyde gel and then hybridized with a
32P-labeled rbClC-Ka probe (Methods). A transcript of approximately 2.8
kb was present only in renal cortex and medulla.
Figure 7 shows the results of RT-PCR amplification of RNA
obtained from microdissected rabbit glomeruli and renal tubule
segments. For detection of rbClC-Ka transcripts, primers S-i and
AS-I were selected to amplify a 385 bp fragment near the 3' end
of mRNA (see legend to Fig. 7). Primers for j3-actin were selected
to yield a product of 191 bp. It is clear that, using the rbClC-Ka
primers, a product of the expected size was obtained from
glomeruli, proximal convoluted tubules, cortical collecting tubules
and mTAL segments (lanes A-I to A-4). Figure 7 also shows that
0r C'J CO If)
E E E F E E E E E E Positively charged aa
IltiN Iii 111111 III Nil Ill I p I ININIIII III
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Fig. 7. Intrarenal localization of rbClC-Ka message. RNA from rabbit kidney glomeruli (lane 1), proximal convoluted tubules (lane 2), cortical collecting
tubules (lane 3), and medullary thick ascending limb (lane 4) were subjected to reverse transcription with an oligo-dT primer. Equal aliquots of the
reverse transcription products were used for PCR amplification with rbClC-Ka specific primers S-i and AS-i (A) or with primers specific for 13-actin
(lower panel). Products shown in panel A were reamplified with primers S-2 and AS-i (B) or with primers S-i and AS-2 (C). PCR reactions were
performed as described in Methods. Products were separated on a 3% agarose gel and visualized by ethidium bromide staining. Sizes of PCR products
are given in base pairs. The positions of the primers in the rbClC-Ka sequence are indicated in Figure 2.
By employing a homology-based cloning strategy (Fig. 1) using a
eDNA library constructed from a rabbit outer medullary mRNA
fraction which induces a C1 conductance in Xenopus laevis
oocytes [19], we isolated two cDNAs, rbClC-Ka and rbClC-Kb
(Figs. 2 and 3), having nearly identical open reading frames.
A comparison of the amino acid sequence predicted for rb-
C1C-Ka (Fig. 4) with the sequences predicted for C1C-0 from
Torpedo [1], dC-i from skeletal muscle [2] and C1C-2 from other
tissues [4] indicated structural homologies of 35%, 39% and 43%
between rbClC-Ka and C1C-0, CIC-1 and CIC-2, respectively.
There were significantly higher degrees of homology between
rbCld-Ka and the deduced protein sequences for other renal Cl
channels. rbClC-Ka shared (Fig. 4) 86% homology with hCIC-Ka
from human kidney [9]; 84% homology with hC1C-Kb, also from
human kidney [9]; 83% homology with rC1C-K1 [6, 9, 18], present
in rat thin ascending limbs; and 80% homology with rC1C-K2 [9,
12]. We conclude from these data that rbCld-Ka and rbClC-Kb
are members of the CIC family of renal Cl channels (Figs. 4 and
5; Results).
Northern blot analysis (Fig. 6) indicated that the rbClC-Ka gene
is expressed only in the kidney, as are the rat rCIC-K1 and rC1C-K2
[6, 9, 12] and human hCIC-Ka and hCIC-Kb [9] genes. The
RT-PCR results on RNA isolated from glomeruli and single
nephron segments dissected from rabbit kidney (Fig. 7) show that
the distribution of message for rbClC-Ka is similar to that
reported by Kieferle et al [9] and Adachi et al [12] for the rat
rC1C-K2 channel. In contrast, rClC-K1 expression in the rat
appears to be restricted to the thin ascending limb of Henle [15].
Accordingly, it seems likely that rbClC-Ka is the rabbit homo-
logue to rCIC-K2.
RT-PCR of polyA RNA from cultured mouse mTAL cells
using two sets of oligonucleotide primers from rbClC-Ka (Fig. 2)
yielded DNA products of the predicted size with both first round
amplification and re-amplification (Fig. 8). But when reverse
transcriptase was omitted prior to the first round amplification,
neither cDNA fragment was detected. We interpret these results
to indicate that these cultured mouse mTAL cells expressed
mRNA corresponding to rbClC-Ka, as did native mTAL segments
(Fig. 7). These results also indicate that the corresponding mouse
gene is sufficiently similar to the rabbit gene that an appropriately
sized product was generated using two sets of primers from the
rabbit sequence.
These results may have relevance to single Cl channels from
cultured mouse mTAL cells [26], where channel gating depends
on both the intracellular and extracellular C1 concentrations
[3 1—33]. In the absence of functional expression data (see below),
it is not known if rbClC-Ka encodes a channel with these same
characteristics. It is noteworthy, however, that gating of the dC-U
channel from Torpedo also depends on extracellular C1 concen-
tration [161. In the latter study, gating activity was not dependent on
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+ —+ — Fig. 9. A schematic model for the rbClC-Ka protein shown in Figure 5. The
open circles indicate potential sites for phosphorylation with (PKA +
ATP). The branched motif indicates a putative extracellular glycosylation
site. The positive signs indicate arginine or lysine residues.
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Fig. 8. Detection of the message for rbClC-Ka and/or rbClC-Kb in mouse
mTAL cells by RT-PCR. RT-PCR was performed as described in Methods.
The products were separated on agarose gels and visualized on Southern
blots. The numbers and arrows indicate the sizes and positions of the
cDNA fragments produced by the RT-PCR experiments.
intracellular Cl concentrations when intracellular Cl was replaced
by gluconate. However, impermeant anions, which do not activate
mTAL Cl channels from extracellular surfaces, do activate those
channels from intracellular surfaces [31—33]. Therefore, dependence
of channel gating on intracellular and extracellular anions may be a
common feature of the CIC family of channels.
Figure 9 presents a schematic model for rbClC-Ka based on the
results shown in Figures 4 and 5. This model differs somewhat
from that proposed by Jentsch et al [17] which calls for 12
transmembrane spanning domains. Since protein models may vary
depending on the algorithm used to predict the membrane-
spanning regions, the membrane topography of these channels
must ultimately be determined experimentally.
Certain factors are pertinent in the model presented in Figure
9. First, the glycosylation site indicated by the branched motif in
the loop between transmembrane domains 5 and 6 is located
extracellularly, in accord with the expected topography for mem-
brane-spanning proteins. Second, as noted previously [26, 32],
basolateral mTAL Cl channels are activated by (PKA + ATP)
when cytoplasmic Cl concentrations are rather low (that is, 2
mM). The intracellular loops of rbClC-Ka contain five potential
sites for phosphorylation by (ATP + PKA), although each of the
sites has one amino acid mismatch from the consensus PKA target
sequence.
Finally, the positive signs in Figure 9 indicate multiple loci for
arginine or lysine residues. From studies with basolateral mTAL
Cl channels fused into bilayers, covalent binding of the arginine-
and lysine-specific reagent phenyiglyoxol (PGO) to extracellular
arginine and/or lysine sites reduces the gating charge for channel
activation [31]. Moreover, pre-treatment of intracellular arginine
or lysine residues with PGO or the lysine/terminal amine reagent
trinitrobenzene sulfonic acid (TNBS) blocks completely [32]
channel activation by raising cytoplasmic face Cl concentrations.
Thus the model pictured in Figure 9 has at least some of the
characteristics required for the basolateral Cl channel described
in prior studies [26, 31—33].
Multiple uncertainties remain. One of these is the function of
rbClC-Ka (or rClC-K2 [9, 12]) in different regions of the kidney
(Fig. 8). A second major uncertainty relates to conflicting results
on functional expression of certain dc-K channels in Xenopus
oocytes. Uchida et al [6] and Adachi et al [12] obtained functional
expression of rat rCIC-K1 and rCIC-K2 Cl channel activity,
respectively, in Xenopus oocytes. In contrast, Kieferle et al [9]
have been unable to express any of the C1C-K Cl channels in
Xenopus oocytes. In preliminary studies, we have also attempted
to express the rbClC-Ka gene either by the injection of in vitro
synthesized cRNA into Xenopus oocytes or by stable transfection
of Chinese hamster ovary cells with a mammalian expression
vector containing the rbClC-Ka gene. Neither approach led to the
functional expression of a plasma membrane Cl conductance.
There is currently no explanation for these discrepancies, which
obviously require further evaluation.
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